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Introduction
============

Epidemiological studies in humans[@ref1] and genetic investigations in other species[@ref2] have led to the hypothesis that risk of disease in adulthood can be influenced not only by genotype and lifestyle in adulthood but also by early environmental experience. In a world where many women of reproductive age remain exposed to unquantifiable violence,[@ref3] evidence that maternal psychological stress adversely affects the developmental trajectory of the fetus has important implications for both public health and mental health.

Evidence for an association between early maternal stress and some perinatal[@ref4] [@ref5] [@ref6] [@ref7] as well as specific cognitive and brain developmental outcomes[@ref8] [@ref9] [@ref10] in offspring is relatively robust, but thus far population studies provide relatively weak support for an association between maternal psychological stress during the prenatal period and later psychosis. The larger population studies examining ecological exposures to environmental stressors, such as war,[@ref11] [@ref12] [@ref13], radiation,[@ref14] or other natural disasters,[@ref15] as well as smaller studies examining exposure to psychological stress at the individual level,[@ref16] [@ref17] [@ref18] [@ref19] have encouraged the view that prenatal psychological stress is in part responsible for increasing the risk of severe mental illness in a population. In addition, many animal experiments have begun to explore mechanistic models of prenatal stress and neurodevelopmental outcomes.[@ref4] [@ref19] However, the definition of a mother's exposure to stress and the timing of the exposure in ecological studies may be inexact. The most convincing and methodologically strongest studies to date have been population studies utilising individual level data by examining the effect of deaths occurring in the antenatal period in both the nuclear and the extended family.[@ref20] [@ref21] [@ref22] Death as an exposure is clearly defined and timed and can be linked easily to individuals; two Danish population studies report significant effects on risk of schizophrenia[@ref20] and affective disorder[@ref21] after bereavement in the antenatal period. Exposed cases were, however, too few to assess bipolar disorder,[@ref21] and effects were confined to 16 exposed cases of schizophrenia and only those without a family history. Other researchers[@ref22] have carried out the largest, most recent study to date using exposures to bereavement stressors. They reported no effect of maternal exposure to bereavement in the antenatal period or during the first two years of childhood on subsequent risk of schizophrenia, non-affective psychosis, or bipolar disorder. In this study, most of the exposures experienced by mothers and offspring were deaths of maternal grandparents or maternal siblings (aunts and uncles of index offspring), the "extended" family. Although death represents both clearly defined and individual level data as an exposure to psychological stress, its measurement has other limitations. Firstly, death is a relatively rare event. Combined with the relative rarity of psychosis as an outcome, this often provides for limited power, even in large samples.[@ref20] [@ref21] Secondly, deaths may be clearly timed from mortality data, but their effects may depend on both the proximity to the mother of the individual who dies as well as the expectedness of the death: deaths from sudden incidents or suicide, particularly in the nuclear family, are likely to be more stressful and their effects longer lasting than deaths of elderly relatives from prolonged illness. Thirdly, deaths are not randomly distributed in the population and, therefore, are not a perfect "natural experiment" in which to study the effects of psychosocial stress. For example, in younger age groups (nuclear family) deaths are more likely to be due to suicides and thus related to psychiatric disorders (90% of people who commit suicide have psychiatric disorders).[@ref23] A significant proportion of deaths in parents during early middle age are from suicide; apart from the parental loss constituting a highly stressful event, this may also indicate a genetic predisposition to psychiatric illness.[@ref24] No studies to date have examined the risk associated with cause of death, such as suicide or a fatal accident. Finally, parental loss during childhood has been extensively studied in relation to subsequent depression but only sparsely in relation to psychosis,[@ref22] [@ref25] [@ref26] [@ref27] and risk of loss in early adolescence has largely not been examined. This is likely to be of particular relevance when considering more distal outcomes such as psychoses.

We re-examined support for the association between deaths in the family and psychosis in later life. In particular, we examined associations between causes of death. Specifically, we evaluated whether risk of psychosis associated with death of a first degree relative is greater if death occurs during the antenatal period compared with during childhood; whether risk is greater for non-affective compared with affective psychoses; whether risk is greater after death in the nuclear family (biological parent or older sibling of the child) compared with the extended family (grandparents); and finally whether risk is greatest after sudden death by an accident or suicide compared with natural causes.

Methods
=======

This cohort study was based on data from the national registers held by Statistics Sweden and the Swedish National Board of Health and Welfare. We carried out register linkage using the unique personal identification number assigned to each Swedish citizen at birth or to immigrants on arrival in Sweden. These numbers are recorded in all contacts with healthcare, social, and administrative services, enabling complete and accurate data linkage between registers. We identified all children born alive in Sweden between 1 October 1973 and 31 December 1985 (n=1 151 883).

Case ascertainment
------------------

We defined diagnostic groups as "at least once or never admitted to hospital for the particular diagnosis" obtained through linkage to the National Patient Register 1973-2006, which provides a primary and contributing diagnosis on all psychiatric inpatient visits since 1973 using the international classification of diseases, 8th, 9th, and 10th revisions. Definitions of psychosis were: non-affective psychosis (ICD-10: F25; ICD-9: 295H; ICD-8: 295.70), including schizophrenia and related and other non-organic psychoses (ICD-10: F20-29; ICD-9: 295A-295G, 295W-295X, 297A-297X, 298C-298X; ICD-8: 295.00-295.60, 295.80, 295.99, 297.00-297.98, 298.20-298.99, 299.99), and affective psychosis (identified as bipolar disorder with psychosis and unipolar depression with psychosis) (ICD-10: F31, F30.2, F32.3, F33.3; ICD-9: 296C-296W; ICD-8: 296.10-296.88). A broad diagnostic category named "all psychoses" included ICD-10: F20-F29, F31, F30.2, F32.3, F33.3; ICD-9: 295A-295X, 296C-296W, 297A-297X, 298C-298X; and ICD-8: 295.00-295.99, 296.10-296.88, 297.00-297.98, 298.20-298.99, 299.99.

Exposure
--------

We defined exposure in the mother to bereavement stress preconception or during the prenatal period as death of her biological parents, her offspring, or the biological father of the offspring. A mother was considered exposed if at least one of these relatives died during the window of exposure, regardless of links to other relatives. Thus, during the antenatal period or six months preconception, the death of a mother's relative created exposure, but, in the postnatal period, offspring could also be considered exposed to the death of their own mother. We further subdivided deaths into nuclear family deaths: the mother's spouse or another child (antenatally); during the postnatal period, the nuclear family could also include the mother herself, as well as the biological father and siblings of the index offspring. In the extended family, we defined deaths as those occurring in the mother's parents or index offspring's maternal grandparents. Unexposed mothers or offspring were those who had links to all relatives and who had no event during the exposure period. We obtained links to relatives through the multigenerational register, Statistics Sweden. We divided exposure periods into: any exposure (all exposures in the prenatal and postnatal periods), any prenatal exposure (preconception to birth), and any postnatal exposure (birth to 13 years). We further divided exposure periods into preconception (6-0 months before conception) and by trimester (first, 0-12 weeks; second, 13-24 weeks; and third, 25 weeks to birth); and by postnatal period (0-2.9 years; 3-6.9 years; and 7-12.9 years; table 1[](#tbl1){ref-type="table"}). The timing was calculated using information on gestational age from the medical birth register. If more than one exposure occurred during the study period, we gave priority to the earliest exposure---that is, the first trimester, preconception, second trimester, third trimester, and the three postnatal periods. We ascertained cause of death from the cause of death register and further divided this into three subcategories: suicide, fatal injury or accident, and other, among which cancers and cardiac events were the most common (see supplementary table for all E codes). As a delay could occur between onset of psychosis and ascertainment by the registry, we also excluded those exposed to loss between ages 13-20 years. This ensured that the outcome (psychosis) always came after the exposure.

###### 

 Characteristics of subsample 1 (n=946 994), by outcome

  Characteristics                         No (%) of participants                               
  --------------------------------------- ------------------------ ------------- ------------- -------------
  **Index person**                                                                             
  Women                                   457 170 (48.5)           2032 (45.8)   1396 (41.5)   840 (58.0)
  Urban birth                             123 877 (13.1)           730 (16.5)    568 (16.9)    220 (15.2)
  Sibling                                 800 653 (84.9)           3441 (77.6)   2579 (76.6)   1161 (80.2)
  Parents                                                                                      
  Education (years):                                                                           
   ≤9                                     98 234 (10.4)            522 (11.8)    404 (12.0)    165 (11.4)
   10-12                                  468 628 (49.7)           2024 (45.6)   1541 (45.8)   644 (44.5)
   ≥12                                    375 234 (39.8)           1877 (42.3)   1410 (41.9)   637 (44.0)
  Receiving social allowance              74 558 (7.9)             713 (16.1)    571 (17.0)    186 (12.8)
  Both parents born in Sweden             867 629 (92.1)           3895 (87.8)   2942 (87.4)   1289 (89.0)
  Maternal age (years):                                                                        
   \<20                                   46 408 (4.9)             291 (6.6)     224 (6.7)     92 (6.4)
   20-24                                  260 897 (27.7)           1181 (26.6)   903 (26.8)    369 (25.5)
   25-29                                  358 615 (38.0)           1565 (35.3)   1160 (34.5)   529 (36.5)
   30-34                                  205 465 (21.8)           995 (22.4)    768 (22.8)    328 (22.7)
   \>34                                   71 174 (7.6)             403 (9.1)     311 (9.2)     130 (9.0)
  Paternal age (years):                                                                        
   \<20                                   9112 (1.0)               59 (1.3)      46 (1.4)      17 (1.2)
   20-24                                  141 752 (15.0)           674 (15.2)    518 (15.4)    204 (14.1)
   25-29                                  346 466 (36.8)           1510 (34.0)   1134 (33.7)   499 (34.5)
   30-34                                  282 909 (30.0)           1306 (29.4)   979 (29.1)    444 (30.7)
   \>34                                   162 320 (17.2)           886 (20.0)    689 (20.5)    284 (19.6)
  Family history of psychiatric illness   172 450 (18.3)           1782 (40.2)   1357 (40.3)   585 (40.4)

Missing data for confounders for subsample 1 (n=946 994): urban birth (n=3, \>0.001%); education (n=475, 0.05%); receiving social allowance (n=223, 0.02%), and both parents born in Sweden (n=56, 0.01%).

Statistical analyses
--------------------

Using logistic regression, we estimated crude and adjusted odds ratios, with 95% confidence intervals. We used the STATA software package, version 11.0 SE in all statistical analyses. In the first set of analyses, we analysed exposure to all deaths (nuclear and extended family) for all outcomes and adjusted for potential confounders. We undertook further analyses to examine whether the type of bereavement stress affected the risk of psychosis; in these, we restricted subsequent analyses to exposures in the nuclear family (death of parents or siblings of the index child). Where numbers allowed (for postnatal deaths only), we analysed effects of exposure by cause of death (suicide, injury or accident, or illness) and by exposure period, while controlling for previous exposure to a death in the prenatal period. Finally, we performed sensitivity analyses in which we calculated estimates after excluding offspring with multiple exposures across study periods. Only 0.5% of mothers in the study population were exposed to death in more than one study period (prenatal or postnatal period); as this is unlikely to make a difference to estimates, we did not exclude them from our analyses.

Potential confounders
---------------------

All adjusted models included year of birth, sex of the offspring, maternal and paternal age (\<20 years, 20-24 years, 25-29 years (referent), 30-34 years, and \>34 years) and nationality (Swedish or non-Swedish), parental socioeconomic status (maternal and paternal highest education: primary or lower secondary education of ≤9 years, 10-12 years (referent), \>12 years), and both parents without welfare (0 points) or at least one parent receiving welfare (1 point). We obtained information on parental socioeconomic status by linkage to the national censuses, which were performed every five years between 1960 and 1990, and by linkage to the income and taxation register. We also adjusted for urban birth (obtained by linkage to the medical birth register) in the index child (1=born in Stockholm, Malmo, or Gothenburg; 0=born other places) and history of any psychiatric illness in the family (ICD-10: F00-F99; ICD-9: 290-319; and ICD-8: 290-315). We excluded those with missing data on individual potential confounders, although missing numbers were small and only occurred in the following variables: urban birth (n=3, \>0.001%), education (n=475, 0.05%), receiving social allowance (n=223, 0.02%), and both parents born in Sweden (n=56, 0.01%) (table 1). Initially, we adjusted models for potential confounders one by one to assess the effects of individual factors.

Between 1 October 1973 and 31 December 1985, 1 151 883 people were born in Sweden (figure[](#fig1){ref-type="fig"}). We excluded those who emigrated or died before age 20 years (n=66 687) and those with unknown exposure status owing to missing linkage to either parent or any siblings (n=8318), which left 1 076 878 potential participants. Further exclusions were made for missing data on gestational age (n=3877), development of psychosis before age 10 (n=136), and exposure between ages 13 and 20 (n=27 529), leaving 1 045 336 potential participants. Finally, we excluded those with missing linkage to grandparents (n=98 338), which left a final analytical sample of 946 994. We used this sample for all analyses where grandparents' data were included (subsample 1).

![Sample selection process](abek015022.f1_default){#fig1}

For the subsidiary analysis examining associations only with exposures in the nuclear family (death of siblings and parents of index offspring), we used the original sample (n=1 045 336); this sample may have also included those with missing links to grandparents in both exposed and unexposed cases (subsample 2).

Results
=======

During the study period, 321 249 out of the 946 994 (33.9%) participants were exposed to death in the family before age 13. Table 1 shows the percentages of cases of psychosis in the cohort overall. Of those exposed to any death during the study period, 1323 (0.4%) developed a non-affective psychosis and 556 (0.17%) an affective psychosis. Overall, 11 117 people (1.2%) were exposed to death from suicide and 15 189 (1.6%) to death from accidents, but most (n=280 172, 29.6%), were exposed to deaths from natural causes. Table 1 shows the baseline characteristics of the cohort according to outcome.

Risk after prenatal and postnatal exposure
------------------------------------------

Overall, the risk of developing a psychotic illness after stress from a death in the family was marginally increased in any prenatal or postnatal period (crude odds ratio 1.24, 95% confidence interval 1.17 to 1.32); this was slightly greater in the postnatal period (table 2[](#tbl2){ref-type="table"}). When the analysis was subdivided by antenatal period, no association was found between exposure to stress from a death in the family preconception or during any trimester and risk of psychosis; only postnatal exposure was significantly associated with an increased risk of psychosis.

###### 

 Crude and adjusted odds ratios for risk of psychoses after exposure to bereavement stress during prenatal and postnatal periods (n=946 994). Total exposed n=321 249; total unexposed n=625 745

  Psychoses by exposure status   No of cases   Crude odds ratio (95% CI)   Adjusted odds ratio\* (95% CI)
  ------------------------------ ------------- --------------------------- --------------------------------
  All psychoses:                                                           
   Unexposed                     2710          1 (Reference)†              ---
   Any time                      1725          1.24 (1.17 to 1.32)         1.16 (1.09 to 1.23)
   Any prenatal                  115           1.17 (0.97 to 1.41)         1.10 (0.91 to 1.32)
   Any postnatal                 1610          1.25 (1.17 to 1.33)         1.16 (1.09 to 1.24)
   Preconception                 58            1.32 (1.02 to 1.71)         1.24 (0.96 to 1.62)
   First trimester               16            1.03 (0.63 to 1.68)         0.95 (0.58 to 1.56)
   Second trimester              14            0.85 (0.50 to 1.44)         0.79 (0.46 to 1.33)
   Third trimester               27            1.22 (0.84 to 1.79)         1.14 (0.78 to 1.66)
   0-2.9 years                   312           1.26 (1.12 to 1.42)         1.17 (1.04 to 1.32)
   3-6.9 years                   491           1\. 30 (1.18 to 1.43)       1.21 (1.09 to 1.33)
   7-12.9 years                  807           1.21 (1.12 to 1.31)         1.13 (1.04 to 1.23)
  Non-affective psychosis:                                                 
   Unexposed                     2043          1 (Reference)               ---
   Any time                      1323          1.26 (1.18 to 1.35)         1.17 (1.09 to 1.25)
   Any prenatal                  92            1.25 (1.01 to 1.54)         1.15 (0.94 to 1.43)
   Any postnatal                 1231          1.26 (1.18 to 1.36)         1.17 (1.08 to 1.26)
   Preconception                 46            1.39 (1.04 to 1.86)         1.30 (0.97 to 1.74)
   First trimester               15            1.28 (0.77 to 2.13)         1.18 (0.71 to 1.96)
   Second trimester              12            0.97 (0.55 to 1.71)         0.89 (0.50 to 1.57)
   Third trimester               19            1.14 (0.73 to 1.79)         1.05 (0.67 to 1.66)
   0-2.9 years                   242           1.30 (1.14 to 1.49)         1.19 (1.04 to 1.37)
   3-6.9 years                   381           1.33 (1.19 to 1.49)         1.23 (1.10 to 1.38)
   7-12.9 years                  608           1.21 (1.11 to 1.33)         1.12 (1.02 to 1.23)
  Affective psychosis:                                                     
   Unexposed                     892           1 (Reference)               1 (Reference)
   Any time                      556           1.21 (1.09 to 1.35)         1.14 (1.02 to 1.27)
   Any prenatal                  33            1.02 (0.72 to 1.45)         0.96 (0.67 to 1.35)
   Any postnatal                 523           1.23 (1.10 to 1.37)         1.15 (1.03 to 1.29)
   Preconception                 15            1.04 (0.62 to 1.73)         0.98 (0.58 to 1.63)
   First trimester               ---           ---                         ---
   Second trimester              ---           ---                         ---
   Third trimester               11            1.51 (0.83 to 2.75)         1.41 (0.77 to 2.56)
   0-2.9 years                   94            1.16 (0.93 to 1.43)         1.08 (0.87 to 1.34)
   3-6.9 years                   156           1.25 (1.05 to 1.48)         1.17 (0.99 to 1.39)
   7-12.9 years                  273           1.24 (1.09 to 1.42)         1.17 (1.02 to 1.34)

\*Generated by logistic regression; adjusted for sex, year of birth, country of birth, presence or absence of siblings, any family psychiatric history, urban birth, highest education of parents, receipt of welfare, and maternal and paternal age.

†General population reference group (people without the diagnosis being considered).

Initially, we adjusted models for year of birth, sex, social class indicators and presence of siblings. These adjustments attenuated, but did not materially change estimates. Subsequently adding in to the model adjustments for either psychosis in the family or family history of any psychiatric illness made the greatest difference to estimates, but this was still moderate. Adding in other potential confounders (for example, urban birth, maternal and paternal age) did not substantially alter the results. Table 2 therefore shows adjusted models including all potential confounders in the adjusted estimates (adjusted odds ratio for any exposure and all psychoses 1.16, 95% confidence interval 1.09 to1.23).

Risk of non-affective and affective psychoses
---------------------------------------------

The pattern of risk for non-affective psychosis was similar to that for all psychoses; it was not significantly increased in any prenatal period and was strongest for the postnatal years, with the adjusted odds ratios ranging from 1.12 to1.23 and 95% confidence intervals ranging between 1.02 and 1.38. The risk of developing affective psychosis was marginally increased only after exposure to a death in the family in the period between 7 and 12.9 years (adjusted odds ratio 1.17, 1.02 to 1.34). Overall, risks were higher for non-affective psychosis when comparing with risks for affective psychosis.

Risk after death in the nuclear family
--------------------------------------

When we confined exposure to death in the nuclear family (siblings and parents of index offspring), there were not enough people exposed preconception or during fetal life who later developed psychosis to calculate risks separately for all antenatal periods (table 3[](#tbl3){ref-type="table"}). The risk of all psychosis was not significantly increased after exposure across the whole prenatal period (1.29, 0.82 to 2.02). During the postnatal period, an increased risk of all psychosis was associated with deaths in the nuclear family during all three childhood periods (1.45, 1.28 to 1.65). This excess risk occurred across diagnoses but was greatest for affective psychosis. Estimates increased the earlier in childhood the death occurred, although confidence intervals overlapped: for non-affective psychosis, the adjusted odds ratios from birth to 2.9 years was 1.82 (95% confidence interval 1.33 to 2.47), from 3 to 6.9 years was 1.46 (1.12 to 1.90), and from 7 to 12.9 years was 1.22 (1.00 to 1.50); and for affective psychosis from birth to 2.9 years was 2.28 (1.46 to 3.55), from 3 to 6.9 years was 1.75 (1.19 to 2.59), and from 7-12.9 years was 1.68 (1.25 to 2.25).

###### 

 Crude and adjusted odds ratios for risk of psychosis after exposure to death in nuclear family during prenatal and postnatal periods (n=1 045 336). Total exposed n=31 535; total unexposed n=1 013 801

  Psychoses by exposure status   No of cases   Crude odds ratio (95% CI)   Adjusted odds ratio\* (95% CI)
  ------------------------------ ------------- --------------------------- --------------------------------
  All psychoses:                                                           
   Unexposed                     4879          1 (Reference)               ---
   Any time                      282           1.87 (1. 65 to 2.10)        1.44 (1.27 to 1.63)
   Any prenatal                  19            1.38 (0.88 to 2.18)         1.29 (0.82 to 2.02)
   Any postnatal                 263           1.91 (1.69 to 2.17)         1.45 (1.28 to 1.65)
   Preconception                 12            1.10 (0.62 to 1.93)         1.05 (0.59 to 1.85)
   First trimester               ---           ---                         ---
   Second trimester              ---           ---                         ---
   Third trimester               ---           ---                         ---
   0-2.9 years                   56            2.26 (1.73 to 2.94)         1.84 (1.41 to 2.41)
   3-6.9 years                   76            1.86 (1.48 to .234)         1.47 (1.16 to 1.85)
   7-12.9 years                  131           1.83 (1.53 to 2.17)         1.32 (1.10 to 1.58)
  Non-affective psychosis:                                                 
   Unexposed                     3763          1 (Reference)               ---
   Any time                      212           1.82 (1.58 to 2.09)         1.36 (1.18 to 1.57)
   Any prenatal                  15            1.42 (0.85 to 2.36)         1.30 (0.78 to 2.17)
   Any postnatal                 197           1.86 (1.61 to 2.14)         1.36 (1.17 to 1.58)
   Preconception                 10            1.18 (0.64 to 2.20)         1.13 (0.61 to 2.10)
   First trimester               \-            ---                         ---
   Second trimester              \-            ---                         ---
   Third trimester               \-            ---                         ---
   0-2.9 years                   43            2.25 (1.66 to 3.04)         1.82 (1.33 to 2.47)
   3-6.9 years                   58            1.84 (1.42 to 2.39)         1.46 (1.12 to 1.90)
   7-12.9 years                  96            1.73 (1.41 to 2.12)         1.22 (1.00 to 1.50)
  Affective psychosis:                                                     
   Unexposed                     1521          1 (Reference)               1 (Reference)
   Any time                      102           2.16 (1.77 to 2.64)         1.80 (1.47 to 2.21)
   Any prenatal                  8             1.87 (0.93 to 3.75)         1.77 (0.88 to 3.55)
   Any postnatal                 94            2.19 (1.78 to 2.70)         1.80 (1.46 to 2.23)
   Preconception                 5             1.46 (0.61 to 3.53)         1.40 (0.58 to 3.38)
   First trimester               0             ---                         ---
   Second trimester              ---           ---                         ---
   Third trimester               ---           ---                         ---
   0-2.9 years                   20            2.58 (1.66 to 4.01)         2.28 (1.46 to 3.55)
   3-6.9 years                   26            2.04 (1.38 to 3.00)         1.75 (1.19 to 2.59)
   7-12.9 years                  48            2.14 (1.61 to 2.85)         1.68 (1.25 to 2.25)

\*Generated by logistic regression; adjusted for sex, year of birth, country of birth, presence or absence of siblings, any psychiatric illness in family, urban birth, highest education of parents, receipt of welfare, and maternal and paternal age.

†General population reference group (people without the diagnosis being considered).

Risk after accident or suicide compared with natural causes
-----------------------------------------------------------

The literature suggests that the occurrence of suicide and, to some extent, accidents, is related to risk of psychiatric illness.[@ref28] [@ref29] A sudden unnatural cause of death could, of itself, be considered a marker of psychiatric illness in the family.[@ref24] [@ref30] We, therefore, analysed outcomes after exposure in postnatal periods according to cause of death (table 4[](#tbl4){ref-type="table"}). Risk estimates associated with exposure to suicide were higher than those associated with exposure to deaths from accidents, which were in turn higher than risks associated with other natural causes of death: the crude odds ratio for all psychoses after suicide was 2.41 (95% confidence interval 2.02 to 2.88), after accidents it was 1.30 (1.06 to 1.60), and after other cause deaths was 1.07 (1.01 to 1.14). Adjustments for psychiatric history in the family produced the greatest reduction in estimates for suicides compared with risks after either accidents or other causes of death (table 4). Other key confounders, including social class indicators, produced only a moderate further reduction in risk estimates. Thus, after suicide the fully adjusted odds ratio for all psychoses was 1.77 (95% confidence intervals 1.47 to 2.13), for non-affective psychosis was 1.53 (1.22 to 1.91), and for affective psychosis was 2.52 (1.91 to 3.33). By contrast, the risks associated with other causes of death or deaths due to natural causes did not materially change following adjustment for family history or other potential confounders.

###### 

 Crude and adjusted odds ratios for postnatal cause of death exposures and psychosis (n=1 045 336)

  Exposures                     No of cases   Crude odds ratio (95% CI)   Adjusted odds ratio\* (95% CI)   Adjusted odds ratio† (95% CI)
  ----------------------------- ------------- --------------------------- -------------------------------- -------------------------------
  **All psychoses**                                                                                        
  Any suicide                   127           2.41 (2.02 to 2.88)         1.85 (1.54 to 2.21)              1.77 (1.47 to 2.13)
  Any accident                  95            1.30 (1.06 to 1.60)         1.19 (0.97 to 1.46)              1.18 (0.96 to 1.46)
  Any other death               1428          1.07 (1.01 to 1.14)         1.07 (1.01 to 1.14)              1.08 (1.02 to 1.15)
  Suicide:                                                                                                 
   0-2.9 years                  33            2.84 (2.01 to 4.01)         2.29 (1.62 to 3.23)              2.17 (1.52 to 3.08)
   3-6.9 years                  37            2.19 (1.58 to 3.03)         1.70 (1.23 to 2.35)              1.69 (1.22 to 2.36)
   7-12.9 years                 59            2.32 (1.80 to 3.01)         1.73 (1.33 to 2.24)              1.63 (1.25 to 2.13)
  Fatal injury or accident:                                                                                
   0-2.9 years                  30            2.10 (1.47 to 3.02)         1.93 (1.35 to 2.78)              1.86 (1.30 to 2.67)
   3-6.9 years                  29            1.39 (0.96 to 2.00)         1.26 (0.87 to 1.82)              1.28 (0.89 to 1.84)
   7-12.9 years                 36            0.92 (0.66 to 1.28)         0.84 (0.60 to 1.17)              0.83 (0.59 to 1.16)
  Other death:                                                                                             
   Birth-2.9 years              256           0.99 (0.87 to 1.13)         0.99 (0.87 to 1.12)              1.00 (0.88 to 1.13)
   3-6.9 years                  468           1.13 (1.02 to 1.24)         1.12 (1.02 to 1.24)              1.13 (1.02 to 1.24)
   7-12.9 years                 835           1.05 (0.98 to 1.14)         1.05 (0.97 to 1.13)              1.05 (0.98 to 1.14)
  **Non-affective psychosis**                                                                              
  Any suicide                   87            2.14 (1.72 to 2.65)         1.63 (1.31 to 2.02)              1.53 (1.22 to 1.91)
  Any fatal injury/accident     72            1.28 (1.01 to 1.62)         1.17 (0.92 to 1.48)              1.16 (0.91 to 1.47)
  Any other death               1106          1.08 (1.01 to 1.16)         1.07 (1.00 to 1.15)              1.09 (1.02 to 1.17)
  Suicide:                                                                                                 
   0-2.9 years                  21            2.34 (1.52 to 3.61)         1.88 (1.22 to 2.89)              1.73 (1.11 to 2.70)
   3-6.9 year                   28            2.15 (1.48 to 3.12)         1.66 (1.14 to 2.42)              1.63 (1.12 to 2.39)
   7-12.9 year                  38            1.93 (1.40 to 2.66)         1.43 (1.04 to 1.97)              1.31 (0.93 to 1.83)
  Fatal injury or accident:                                                                                
   0-2.9 years                  20            1.82 (1.17 to 2.83)         1.67 (1.07 to 2.60)              1.59 (1.02 to 2.47)
   3-6.9 years                  22            1.36 (0.90 to 2.08)         1.24 (0.81 to 1.89)              1.25 (0.82 to 1.91)
   7-12.9 years                 30            0.99 (0.69 to 1.42)         0.91 (0.63 to 1.30)              0.89 (0.62 to 1.29)
  Other death:                                                                                             
   Birth-2.9 years              207           1.04 (0.90 to 1.20)         1.04 (0.90 to 1.19)              1.05 (0.91 to 1.21)
   3-6.9 years                  366           1.14 (1.03 to 1.27)         1.14 (1.02 to 1.27)              1.15 (1.03 to 1.28)
   7-12.9 years                 635           1.04 (0.95 to 1.13)         1.03 (0.94 to 1.12)              1.04 (0.95 to 1.13)
  **Affective psychosis**                                                                                  
  Any suicide                   54            3.29 (2.50 to 4.33)         2.52 (1.92 to 3.32)              2.52 (1.91 to 3.33)
  Any accident                  32            1.40 (0.98 to 1.99)         1.28 (0.90 to 1.82)              1.26 (0.88 to 1.80)
  Any other death               448           1.09 (0.97 to 1.21)         1.08 (0.97 to 1.21)              1.07 (0.95 to 1.19)
  Suicide:                                                                                                 
   0-2.9 year                   15            4.07 (2.44 to 6.78)         3.28 (1.97 to 5.47)              3.33 (2.00 to 5.56)
   3-6.9 years                  12            2.25 (1.28 to 3.98)         1.75 (0.99 to 3.10)              1.84 (1.04 to 3.25)
   7-12.9 years                 29            3.68 (2.54 to 5.32)         2.74 (1.89 to 3.97)              2.68 (1.84 to 3.92)
  Fatal injury or accident:                                                                                
   0-2.9 years                  12            2.66 (1.50 to 4.70)         2.44 (1.38 to 4.32)              2.43 (1.38 to 4.30)
   3-6.9 years                  10            1.53 (0.82 to 2.84)         1.39 (0.74 to 2.59)              1.43 (0.77 to 2.67)
   7-12.9 years                 10            0.82 (0.44 to 1.52)         0.75 (0.40 to 1.39)              0.69 (0.36 to 1.33)
  Other death:                                                                                             
   Birth-2.9 years              69            0.85 (0.67 to 1.08)         0.85 (0.67 to 1.08)              0.84 (0.66 to 1.07)
   3-6.9 years                  149           1.15 (0.97 to 1.36)         1.15 (0.97 to 1.36)              1.13 (0.95 to 1.34)
   7-12.9 years                 274           1.12 (0.98 to 1.27)         1.11 (0.97 to 1.27)              1.10 (0.96 to 1.25)

\*Adjusted for psychiatric history in family (parents or siblings).

†Adjusted for psychiatric history in family (parents or siblings), siblings or not, sex and year of birth, country of birth, maternal and paternal age, urban birth, education of parents, and parental receipt of social allowance.

Reference group: unexposed to death, suicide attempt, accident, or serious illness of parent or siblings before age of 20. Reference group is same in all analyses.

The largest risk estimates were generally seen in those exposed earliest in childhood (0-2.9 years), and risks tended to decrease as age at exposure increased. Overall, the risks were higher for affective psychosis and after suicide, than after accidental deaths, and became non-significant after other causes of death. Suicides were significantly more likely to occur in nuclear family members, who tended to be younger (16.4%), than in extended family members, who tended to be older (2.2%), P\<0.001.

Discussion
==========

We explored the risk of offspring developing psychosis after antenatal exposure of the mother to a severe psychosocial stressor from six months preconception and during fetal life, and after the death of a close family member during the postnatal period and throughout childhood to adolescence. There were three main findings. First, we found no evidence for an association between excess risk of any psychotic illness in offspring after maternal exposure to bereavement stress preconception or in any trimester. Restricting prenatal exposure to the stress of death in the nuclear family increased the risks, but the effects remained far from significant for prenatal exposure. Secondly, and in contrast with prenatal exposure, exposure to a death in the family during childhood through to adolescence was associated with a significantly increased risk of psychotic illness. This effect was most pronounced after a death in the nuclear family---that is, a parent (including mother) or sibling, compared with a death in the extended family---that is, a grandparent; effects were larger the earlier in childhood the death occurred. Thirdly, proportionally more suicides occurred in the nuclear family than in the extended family, in part because suicides occurred at younger ages. Excess risk was greatest in those who experienced suicide compared with a death caused by injury or an accident, which in turn produced a higher risk estimate than other natural causes of death, after which the association was weak. Risk of subsequent psychosis was higher after a suicide in the nuclear family in early childhood between birth and 3 years and, in particular, for affective psychosis.

Comparison with previous studies
--------------------------------

Our data are broadly consistent with the largest population study to date of bereavement stress,[@ref22] where effects on schizophrenia, non-affective psychosis, and bipolar disorder were not seen after prenatal exposure. But our data are inconsistent with other population studies from Scandinavia.[@ref16] [@ref20] [@ref21] Evidence for an association between antenatal stress and schizophrenia is relatively weak. Paternal loss in the first but not second and third trimesters was reported to increase the risk of all psychiatric disorders compared with loss of fathers in the first year of an offspring's life,[@ref16] and to increase the risk of schizophrenia but only in those without a family history of psychiatric disorders.[@ref20] One of the Scandinavian studies[@ref21] also reported an excess risk of affective disorder, including bipolar disorder, after bereavement in the second trimester but not in the first or third trimesters, and only in men.

Most studies have generally not considered differences in risks associated with the stress of experiencing a death in a member of the nuclear family versus extended family, and none has detailed the effects of different causes of death, although some have considered the effect of parental suicide.[@ref30] In our study, risk estimates were higher after death in the nuclear family than after death of any extended family member. Risks for non-affective psychosis were marginally greater than for affective psychosis, but only after the death of any extended family member. The reverse was true after the death of a nuclear family member, although numbers were too small to examine the effects of prenatal exposure to deaths in the nuclear family alone. The dose-response relation we report, where risks were generally higher after deaths in closer family members, and the earlier in childhood that the deaths occurred, and greatest after suicide, provide support for parental loss in childhood being a marker of both higher familial and higher environmental vulnerability to psychiatric disorder. Suicide increases the risk of psychiatric disorders through both genetic[@ref24] [@ref31] [@ref32]and environmental effects.[@ref32] [@ref33] [@ref34] [@ref35] [@ref36] Parental loss, in particular from suicide, may have different meanings and consequences for offspring at different developmental stages.[@ref32] [@ref34] A longstanding literature describes a range of poor short and longer term outcomes in children exposed early to parental loss. Higher risks were seen for exposure in younger ages after death in the nuclear family. We offer two non-mutually exclusive explanations. First, the higher risk could reflect a greater vulnerability of brain development in early childhood to adverse effects from children's environment and care. Secondly, the higher risk may reflect a greater duration of exposure to adverse social effects associated with the death of a close family member. A recent population survey of mental health among 5-16 year olds suggests that bereaved children are about one and a half times more likely than other children to have a diagnosis of any mental disorder.[@ref36] Two Danish register studies[@ref29] [@ref30] describe suicide of a mother being associated with a particularly increased risk of admission with bipolar disorder as an adult, especially if death occurs before the child is 10 years of age.[@ref30] Death of a relative by causes other than suicide was not associated with such an increased risk.

Mechanisms of risk, and indeed resilience for children living in families bereaved through the loss of a child or parent, are likely to be complex[@ref31] [@ref35] [@ref37] and to include primarily social factors alongside individual differences in the resilience of the child or family involved. To date, studies have not been able to disentangle genetic susceptibility to mental illness or death in the nuclear family from social disadvantage and their interaction with bereavement in childhood. In this study, adjusting for most potential confounders, including indicators of socioeconomic status, such as receipt of welfare and parental education, made little difference to risk estimates. Only a family history of psychotic or other psychiatric illness materially reduced the risk estimates, especially from suicide, but also from death through injuries and accidents; it did not materially change estimates for deaths from other natural causes. Thus, the association is supported by genetic factors,[@ref25] [@ref26] [@ref34] but as increased risks were still associated with both suicides and death from injuries or accidents, they may only explain a minor part of the crude excess risk.

Strengths and limitations of this study
---------------------------------------

This study has several methodological strengths. We describe rigorously the associations between exposures to bereavement stress in the preconception and prenatal periods and during childhood and risk for later psychiatric morbidity in offspring using a precise measurement of severe psychological stress at the individual level, validated measures of psychopathological outcomes, and adjustment for important child, family, and parental confounders. Several limitations remain relevant and should be dealt with in future research. For example, the death of a relative causes a subjective level of stress that varies by individual and circumstance and may endure over a variable length of time. Using date of death to time exposure to stress, we assume the relevant period of stress is the date of the death. We also assume that death of a relative induces substantial stress, whereas family members may not always grieve when someone dies---for example, if death occurs in an elderly relative or follows long term illness when it may provide relief---a notion with some support from our data, as cause of death determined the extent of risk. However, in general we believe that loss of a first degree relative (a partner or child) is very likely to result in grief and the associated psychological stress. Bereaved mothers might also modify relevant aspects of their behaviour (for example, substance misuse) in response to the stress, which may influence the associations.[@ref37] [@ref38] We were unable to assess accurate estimates for exposure to bereavement stress in the nuclear family by antenatal trimester or sex because events were too rare. Social class and socioeconomic status are well known associations of severe mental illness, such as schizophrenia,[@ref38] [@ref39] and loss of a parent is well recognised to bring socioeconomic disadvantage to a family.[@ref35] [@ref36] Although we adjusted for social class at birth of the child, we do not have a longitudinal measure of social class to take account of the effects of a decline in social circumstances associated with bereavement in families. Similarly, loss of a child has been associated with marital breakdown,[@ref37] and some evidence suggests that the children of bereaved parents may be more likely to live in single parent households, with their attendant excess risks associated with social adversity.[@ref35] [@ref36] [@ref37] [@ref38] [@ref39] We chose to rank exposures by timing of exposure to delineate critical periods of developmental risk. Overall, less than 0.5% of cases were exposed more than once, and sensitivity analysis found that unranking exposure made little difference to the results (data available from authors on request). We have previously scrutinised the level of misclassification when using inpatient care for psychosis as an indicator of occurrence of psychosis. During the 1980s in Sweden, there were no mobile outreach teams for psychoses, nor any specialist outpatient units. Thus, most incident cases of psychoses were treated in inpatient care. This gradually changed during the 1990s, and by 2005, 25% of incident cases were treated in outpatient care.[@ref40] This proportion may have increased since then, but as the follow-up in this cohort was between 1973 and 2006, we believe that the misclassification is likely to be relatively small and of an acceptable magnitude.

Few studies have been able to look specifically at severe mental health outcomes of children growing up in bereaved families in a whole population, or to examine risk by cause of death. Our findings support previous studies of the sequelae of suicide[@ref29] [@ref30] [@ref32] [@ref33] [@ref34] but further suggest that those exposed to suicide early in childhood have the greatest excess risk of subsequent psychotic illness. Early postnatal development and neurodevelopment, especially in the prefrontal cortex,[@ref41] may be particularly susceptible to diminished parenting resources, sensitivity, or stimulation as a consequence of maternal or parental stress.[@ref42] [@ref43] However, these findings cannot be explained merely by confounding due to family psychiatric history, and the mechanisms of risk are likely to be complex.[@ref25] [@ref26] [@ref27] [@ref36] There is a pressing need to identify resilience factors in children in bereaved families to develop appropriate interventions.[@ref44] [@ref45] Future studies should examine factors associated with resilience as an outcome alongside risk.[@ref44]

Potential implications of the study
-----------------------------------

In this population, the lack of effect of severe prenatal maternal bereavement stress on the risk of psychosis in offspring has several possible implications. Taken together, the accumulated evidence is predominantly negative and overall suggests no consistent effect on risk of psychosis. This does not rule out other potential effects of prenatal bereavement. If this is the case, it suggests that severe psychological stress in pregnancy may be related to the social, emotional, and cognitive development of offspring, but without any detectable effect on risk of psychosis. Similarly, it is unclear why our results for bereavement stress and psychosis risk differ from those of studies examining prenatal stress and some other neuropsychiatric outcomes in offspring, such as attention-deficit/hyperactivity disorder or depression.[@ref7] [@ref21] One possible explanation is that a more severe disorder, such as psychosis, involves either alternative pathways or additional risk pathways. Exposure to several additional risk factors may be less likely to occur in a population where maternal health is good. Thus, severe antenatal maternal psychological stress may be an insufficient exposure in the pathway to more severe neurodevelopmental abnormalities such as psychosis, while remaining sufficient for more common, less severe neurodevelopmental outcomes. However, it may simply be that non-psychotic outcomes share only some of the risk mechanisms, or different risk mechanisms, to psychosis.

We do not fully understand the mechanisms of risk and resilience in the human fetus, although the fetus may be relatively protected from fluctuations in some maternal environmental stressors[@ref43] through several fetoplacental mechanisms that protect the immature fetal brain against the effects of maternal stress. These include β hydroxysteroid hydrogenase, an enzyme that breaks down maternal plasma glucocorticoids; as pregnancy progresses, increasing levels of maternal corticotrophin releasing hormone binding protein binds to maternal corticotrophin releasing hormone and inactivates it; and by mid-pregnancy, responses by the maternal hypothalamic-pituitary axis are attenuated or blunted.[@ref43] We found that the strongest association for risk of psychosis occurred after death in the nuclear family in early childhood (birth to 3 years) and, as suggested, this may reflect greater vulnerability to abnormal brain developmental trajectories the earlier the exposure occurs. In addition, the earlier in childhood, the longer a child is likely to be exposed to disruptive social and family effects associated with, for example, parental loss. Although previous work on childhood trauma and psychosis has rarely included children as young as those included here (0-2.9 years), exposures such as neglect, abuse, and bullying are difficult to ascertain in preschool aged children. However, our results in middle childhood are consistent with increasing evidence that such trauma may be related to later risk of psychosis.[@ref46]

Future directions
-----------------

Exposure to death of a parent or sibling in childhood is associated with an excess risk of developing a psychotic illness later in life. This does not seem to be the case after prenatal maternal exposure to death in the family. Risk is particularly associated with exposure in early childhood, or if death were by suicide or injury or accident compared with other causes of death. These associations are explained to some extent by genetic factors but are also likely, in large part, to include complex combinations of factors, creating more or less risk and resilience to future stressors. Such complex mechanisms require further investigation, and future studies should consider the broader contexts of parental suicide and parental loss in non-western, ethnically diverse populations and during conflict. More detailed evidence from adequately powered cohorts is also required before appropriately timed and appropriately resourced interventions can be developed to protect vulnerable families and children.

### What is already known on this topic

1.  Severe psychological stress during the prenatal period and early life is considered a risk factor for severe mental illness in adulthood, but the evidence is inconclusive

2.  The largest study to date shows no effect of antenatal maternal bereavement stress on severe mental health outcomes of offspring in adulthood, but it did not distinguish between exposures to loss of a close compared with more distant relative or between causes of death

3.  The notion that antenatal or early life stress increases the risk of severe mental illness as an adult has important implications for the identification of children at risk

### What this study adds

1.  Severe antenatal maternal stress was not associated with an increased risk of later severe mental illness in offspring; loss of a parent or sibling in early childhood, especially after sudden death, was associated with an increased risk of psychosis

2.  This increased risk was largely in children who had been bereaved by suicide of a parent before the age of 3 and was not explained by a family history of mental illness or suicide

3.  Greater consideration should be given to the early environment of children exposed to parental loss, especially after, and protective measures should be considered for future evaluation in vulnerable families
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